The fatty acid profile in breast milk of nursing mothers who participated in a Cohort for Vitamin A (COVA) study at the fourth and ninth month of lactation was investigated. Breast milk samples were collected by manual expression and stored at −20˚C until analysis. The fat was extracted from the milk and methylated using the American Oil Chemists' Society (AOCS) Official Methods with modifications. The separation, identification and quantification of the fatty acid methyl esters was performed by gas chromatography coupled with mass spectrometry (GC-MS). Fat contents of human milk increased significantly between the fourth and ninth month of lactation 0.38 and 1.21 mg•mL −1 respectively; P < 0.05. The major fatty acids of breast milk fat at the 4th month of lactation were oleic acid (66.6%), followed by linoleic acid (51.3%) and palmitoleic acid (28.9%). However, at the 9th month, the major component was linoleic acid (58.1%), followed by oleic acid (30.9%) and stearic acid (23.1%). The percentage average of the total saturated fatty acids at the 4th month (16.62%) was significantly lower (P ˂ 0.05) than the average percent of the total unsaturated FAs (48.93%). Similarly, at the 9th month the percentage average of the total saturated fatty acids (15.18%) was significantly lower (P ˂ 0.05) than the average percent of the total unsaturated FAs (31.05%). The results obtained in this study demonstrated that the fat content in breast milk significantly increased in the 9th compared to the 4th month of lactation. The fatty profile was also significantly different with the omega 6 being the dominant at the 9th month compared with the omega −9 being dominant at the 4th month of lactation.
Introduction
Breast milk is considered the ideal food for full-term infants: exclusive breast feeding for 6 months is considered to be a desirable goal [1] - [3] . Fat is a critical component of breast milk, providing energy and nutrients key to the development of the central nervous system, which cannot be synthesized de novo by the infant [1] [4] [5] . Human milk is not a static, invariant fluid, but fluctuates in micro-and macro-nutrient composition over the course of a feeding, longitudinally from birth to weaning, and, at least for some components, as a consequence of maternal diet [6] . For example, during the course of a single feed, total lipid concentration increases several fold from foremilk to hind milk [6] [7] . Fatty acids in breast milk may originate either from the recent dietary fatty acid intake, fatty acids released from maternal adipose tissue or further metabolism of dietary fatty acids in the maternal liver [8] . The fat content and fatty acid composition of human milk are variable. Milk's fatty acid composition is influenced by certain factors vis-à-vis diet, duration of pregnancy, maternal parity, and the stage of lactation [9] [10] . Maternal diet appears to be the most important variable determining milk's fatty acid composition [11] [12] .
The milk fat is composed of 98% triacylglycerols (TAGs) and 1% -2% phospholipids. This distribution may have functional consequences, since it has been reported that fatty acids from the phospholipid fraction could be driven directly to target tissues and membranes [13] [14] . Dietary differences between different countries or between regions of the same country have been reported to affect the composition of breast milk. Earlier estimates of fat content in breast-milk from well-nourished communities of the United States of America and Britain gave an average of 0.045 -0.048 g/ml [15] . However, results from poorly fed women in developing countries showed considerable variation and could sometimes be as low as 0.01 g/ml. This shows a drastic reduction in the energy content of milk, which may result in protein energy malnutrition (PEM) in the infants [10] [16] . Hence it was of interest to determine the fat content from Kenyan population. Examination of milk-lipid concentration and composition is of interest because milk fat provides the major fraction of calories in human milk [1] [6].
Changes in breast milk fatty acid profile and the TAGs content at different stages of lactation have been reported [17] - [19] . The work by [17] demonstrates that human milk produced during prolonged lactation (>1 year) is extraordinarily rich in fat and has a higher energy content than human milk produced during the first half-year of lactation. Research by [18] found increasing fat contents with stable or increasing percentage contribution of long chain polyunsaturated fatty acids (LCPUFAs) in breast milk samples from the sixth week to the sixth month of lactation. The research by [19] found that the fatty acid profile of human milk during prolonged lactation (>1 year) was not identical to that of human milk during short lactation (2 -6 months). These researchers concluded that women who lactated for more than 1 year had a higher C12 and C14 fatty acid percentages in their milk than women who lactated for 2 -6 months. The percentage contribution of arachidonic acid (AA) and docosahexaenoic acid (DHA) to breast milk lipids was reported to decrease with advancing duration of lactation. Despite the importance of human milk fatty acids for infant growth and development, there are few reports describing fatty acid profile of breast milk from developing countries. Therefore, the present study was designed to estimate the FA profile of breast milk of nursing mothers who were participating in a Cohort study of the impact of an integrated agriculture, nutrition and health intervention on the Vitamin A and health status of mothers and their infants from pregnancy through 9 months postpartum in Bungoma County, Kenya. The fatty acids were characterized and quantitated at the 4th and 9th month of lactation.
Materials and Methods

Subjects
The study subjects were healthy mothers (age 17 to 35 years) enrolled at mid pregnancy (10 -24 weeks) and followed through 9 months postpartum, full term, health infant, exclusive breastfeeding for more than 9 months and residing in the catchment area. Participation was voluntary, and informed consent was obtained from the participants. The study was approved by the Kenya Medical Research Institute (KEMRI) and Emory Internal Review Board (EIRB). Milk was collected by manual expression by the mothers in a health facility and the breast milk (BM) samples were processed and kept at −20˚C prior to delivery and analysis at Egerton University Chemistry laboratory.
Sample Preparation (Milk Fat Extraction)
The breast milk fat was extracted using AOAC 989.05 official method [20] with modifications. The frozen milk sample was thawed for 30 mins and then vortexed for 30 seconds. Two drops of butylated hydroxyl toluene (BHT) was mixed with 1 mL of milk and refluxed for 30 min after addition of 1 mL of 3 N hydrochloric acid and cooled. To this sample, 1 mL of NH 4 OH was added to neutralize the acidic sample and dissolve the casein followed by addition of 1 drop of phenolphthalein indicator to sharpen visual appearance between the ether and aqueous layers. To the neutralized sample, 1 mL of 95% ethanol was added and the flask vigorously shaken for 1 min while releasing built-up pressure. To the mixture, 2.5 mL of diethyl ether was added and sample shaken for 1 min to dissolve the lipids. To the extract, 2.5 mL petroleum ether was added and the mixture shaken for 1 min to separate water and dissolve more non polar lipids. The mixture was transferred to a separating funnel and left to stand for 20 minutes. The upper ether layer was then decanted into a weighed round bottomed flask. All the reagents used were of analytical grade. The solvent was evaporated to dryness on a hot plate in a hood at 100˚C and dried to a constant weight in an oven at 100˚C ± 1˚C and the percent fat for each sample was calculated as follows:
The % fat 100 wt flask fat wt of flask average wt blank residue wt sample wt weight
Note: For blank determinations, 1 mL of distilled water was used instead of milk sample.
Preparation of Fatty Acid Methyl Esters
Fatty acids were derivatized following the Official Methods of the American Oil Chemists' Society [21] with modifications. The breast milk fat was suspended in 2 mL hexane prior to derivatization. To the flask containing the fat, 5 mL of 0.5 N methanolic sodium hydroxide was added with a few boiling chips (anti bumping granules). Water cooled condenser was attached and refluxed on a heating plate for 1 hr. To the boiling mixture, 5 mL of boron tri fluoride (BF 3 )-Methanol (10% vol/vol) was added through the top of the condenser then refluxed for 30 minutes. About 5 mL of hexane was then added and refluxed for 1 min longer. While still attached to the condenser, the round bottom flask was raised above the heating plate and allowed to cool for 15 minutes.
To the cooled extract, 10 mL of saturated sodium chloride (NaCl) solution was added to the flask and stoppered after disconnecting the condenser. The contents were shaken vigorously for 2 min and left to stand for 10 min followed by additional 3 mL of saturated sodium chloride (NaCl) to float the hexane layer. The hexane layer containing the methyl esters was transferred into a test tube with a small scoop of anhydrous sodium sulfate to dry the esters and the test tube then caped. The dried sample was transferred into a 2 mL vial and kept at −4˚C to await GC-MS analysis.
Preparation of Sample for GC-MS Analysis
To the sample in the vial, 1 mL hexane was added to the sample then vortexed for 30 seconds, followed by drying the sample by passing through anhydrous sodium sulfate (Na 2 SO 4 ) placed in a glass Pasteur pipette with a glass wool. The dried sample was transferred into Teflon caped vial from which 10 µL was diluted by adding 990 µL hexane then vortexed for 30 seconds. Two hundred µL of the mixture was pipetted into a clean Teflon caped sample vial with an insert. The vial was placed into an auto sampler where 1 µL was injected into GC-MS. All determinations were done in triplicates.
Standard Preparation
The stock solution was prepared by dissolving 10 mg•mL −1 of the commercial FAMEs mixed standard into 100 mL of methylene chloride. Suitable volume of the stock solution of the FAMEs mixture was used for preparation of known concentrations (working standards).
GC-MS Analysis
The FAMEs were analyzed by splitless injection using an Agilent technologies-7890 gas chromatograph coupled to a 5975C inert XL EI/CI mass spectrometer (EI, 70 eV, Agilent, Palo Alto, California, USA). The GC was equipped with a carbowax HP-20M column (25 m × 0.20 mm ID × 0.20 μm film thickness, Agilent, Palo Alto, California, USA), with helium as the carrier gas at a flow rate of 1.2 mL•min
. The oven temperature was held at 35˚C for 5 minutes, then programmed to increase at 10˚C•min −1 to 220˚C and maintained at this temperature for 10 minutes.
Identification and Quantitation of FAMEs
Fatty acid methyl esters were identified by comparison of retention times of the FAMEs from breast milk samples with retention times of commercial FAMEs standards and with library data (Adams2.L, Chemecol.L and NIST05a.L). The amount of triacylglycerol in the different breast milk samples was quantified based on peak areas. Data are reported for major fatty acids detected.
Statistical Analysis
Results are expressed as mean ± standard error (SEM). For statistical analysis the R software (R version 3.1.1) [22] was used. The Wilcoxon signed rank test was used to detect the difference between the fatty acid composition of breast milk samples at the 4th month and the 9th month of lactation. The difference between the individual fatty acids and between samples at both lactation stages was also tested. The Kruskal-Wallis test was used for the difference between the various fatty acid groups identified. Results were considered significant at P < 0.05.
Results and Discussion
Fatty Acids Analysis
In the present study, the fatty acid methyl esters of breast milk were characterized. A total of 70 samples were analyzed for fatty acid profile. The major fatty acids identified and quantitated are shown in [24] . Concentrations of the identified fatty acids were calculated from the peak areas of corresponding FAME mixed standard using standard calibration curves. The fat content in the current study ranged from 0.010 -0.065 g•mL −1 showing a slightly lower average as compared to the reports from Germany, US and Britain [15] [18] . The difference between our data and the others can be attributed to the difference in maternal diet as earlier reported [8] [25] [26] .
The distribution of fatty acids during the 4th and 9th month of lactation is shown in Figure 1 . Both stages of lactation were found to contain identical profile of fatty acids in the breast milk. However, the relative proportions were significantly different between mothers (P < 0.001) and over the two stages of lactation (P < 0.05). The fat content of the milk samples was significantly higher at the 9th month than at the 4th month of lactation ( Table 2 ). More than 75% of the saturated fatty acids (SFA) were composed of C12:0 (lauric acid), C14:0 (myristic acid), C16:0 (palmitic acid), C18:0 (stearic acid) at both months. However, oleic acid (C18:1n-9) was the most abundant unsaturated fatty acid (66%) at the 4th month while C18:2n-6 (linoleic acid, LA) was abundant Values are presented as mean ± standard error (SEM). Proportion of each fatty acid measured in all the samples is significantly different (P ˂ 0.0001) at both lactation stages using Wilcoxon signed rank test SEM S n = where S = sample standard deviation; n = number of observations. unsaturated fatty acid (58%) at the 9th month of lactation ( Table 2) . Researchers [27] separated, and tentatively identified TAGs by high performance liquid chromatograph (HPLC). These workers reported that the major TAGs were composed of 16:0, 18:1 and 18:2 regardless of variations in dietary fat. However, in the current study, we observed a significant increase for C8:0 -C12:0 fatty acids between the subjects at the two lactation stages, which was consistent with similar findings reported from Taiwan and Spain [23] [28] . These researchers observed an increased proportion of middle-chain fatty acids (MCFAs) compatible with the character of breast milk, presumably as the needs of infants' changed. These changes in milk composition may indicate variations in mammary gland biosynthetic capacity.
The importance of a high percentage of C12 (lauric acid) and C14 (myristic acid) in the diet of breast milk-fed infants may not be restricted to cholesterol metabolism and cardiovascular protection. Infants fed with human milk are notably protected against a multitude of infectious diseases, and it is possible that one of the many agents involved is indeed lauric acid [19] . The SFA mean found in breast milk at the 4th (16%) and (15%) at the 9 th month fell way below the European Range (ER) (39.0% -51.3%) [29] and the (Granada) Spanish mature milk (40.66%) [9] . Our study showed that stearic acid (C 18:0 ) was the predominant saturated fatty acid that accounted more than 20% of the total fatty acids than palmitic (19% and 16%) at the 4th and 9th month, respectively. Reference [19] also reported similar results where stearic acid (15%) was the predominant SFA both at short and long lactation periods. This was however different from results of several studies, where the major saturated fatty acid, palmitic acid (C16:0), constantly accounted for 20% of total fatty acids [9] [18] [23] . Dietary differences between different countries or between regions of the same country have been reported to affect the composition of human milk [8] [26] [30] .
Oleic acid (C18:1n-9), the major monounsaturated fatty acid, and palmitoleic acid (C16:1n-7) decreased significantly at the 9th month, this agrees with similar findings reported from different geographic areas [9] [31] . Although oleic acid is not an essential fatty acid, it is very important because, in addition to the usual functions of fatty acids (source of energy and structural components), it reduces the melting point of triacylglycerols thus, providing the fluidity required for the formation, transport and metabolism of milk fat globules [25] . Figure 2 and Figure 3 shows representatives of total ion chromatograms of breast milk samples at the 4th and 9th month, respectively. The LA mean values (51.32%) at the 4th and (58.08%) at the 9th month were very high than the European range (6.9 -16.4), German mean (10.6%) [29] and Taiwanese mean value (23.62%) [23] . These results suggest that Kenyan women from the analyzed group ingest a considerable amount of LA, mostly from vegetable oils such corn or sunflower, in their diet. The fact that the concentrations of α-linolenic acid (ALA) were trace in all the samples analyzed was surprising to us. Indeed, generally reported concentrations of DHA in human milk range between 0.27 and 0.48 and are reported to be little influenced by maternal diet [32] . We must point out that Shehadah et al. [33] in a study of human milk during prolonged lactation also found undetectable values of docosahexaenoic acid (DHA) in the majority of samples. Similarly, Lubertzky et al. [19] in another study found that four fatty acids from the long chain polyunsaturated group were undetectable in a large percentage of samples and fell below the limit of detection of the method they used in their study.
The unsaturated fatty acids (C18:1 and C18:2) that were found to be predominant in the breast milk samples at both lactation periods may be a reflection of the dietary fat of the lactating mothers as earlier reported [34] [35]. The increase in mono and di-unsaturated fatty acids may be due to a reduction in the endogenous production of saturated fatty acids. An increase in polyenoic acids (unsaturated fatty acids) of breast milk due to substitution of corn oil for lard in the maternal diet had earlier been reported [36] [37] . Levels of LA in the breast milk from the present study were among the highest reported in the extensive literature characterizing breast-milk fatty acid composition hence of concern with regard to omega 3 fatty acids. Calder [38] reported that the high level of LA in Western diets has led to concern, particularly in relation to the concurrent low intake of n-3 fatty acids and the increasing prevalence of many inflammatory and immune disorders. The major portion of PUFA in milk, LA and AA, originate primarily from maternal fat stores, influenced by long-term dietary intake [8] [39] . LCPUFA (more than 20 carbon chains in length) are also synthesized from their respective precursors, LA and ALA, although conversion of arachidonic acid (AA), eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) is low [39] . DHA conversion may also be diminished by competitive inhibition from LA and transFAs (TFAs) [39] [40] . Smit et al. [41] conducted an extensive evaluation of breast milk FA concentrations compared with regulatory standards and found that the levels of specific fatty acid (LA, ALA, AA, DHA, lauric acid, and myristic acid) from the milk of numerous mothers fell outside of the regulatory guidelines. Fatty acids should be considered as key nutrients that affect early growth and development and nutrition-related chronic disease in life [42] [43].
Conclusions
The results obtained in this study demonstrated that the FA composition varied among the 35 mothers and with time during the two lactation periods, most fatty acids decreasing in proportion at the 9th month of lactation. Stearic (C18), Myristic (C14), palmitic (C16), lauric (C12), oleic (C18:1) and linoleic (18:2) acids were the predominant fatty acids found at both lactation periods. Among the saturated fatty acids, stearic acid (C18:0) was the predominant fatty acid that accounted more than 20% of the total fatty acids while oleic acid constituted the primary monounsaturated FA in all samples. Human breast milk provides all the dietary essential fatty acids, linoleic acid (LA, C18:2n-6), an ω-6 fatty acid and α-linolenic acid (ALA, C18:3n-3), an ω-3 fatty acid. However, our study showed that the ALA was undetectable or inadequate among the lactating women in the study population. Despite living in close physical proximity the nursing mothers showed distinct cultural difference in dietary intake as reflected in the difference in fatty acid composition of breast milk samples. The mothers were on ad libitum diets. It was interesting to note that the identified unsaturated FAs were in high concentration as compared to saturated FAs and were different between women, perhaps suggesting the dependence of these FAs on immediate diet as opposed to body depots.
Unsaturated fatty acids have one or more double bonds between carbon atoms (pairs of carbon atoms connected by double bonds can be saturated by adding hydrogen atoms to them, converting the double bonds to single bonds. Therefore, the double bonds are called unsaturated).
Saturated fatty acids have no double bonds. Thus, saturated fatty acids are saturated with hydrogen (since double bonds reduce the number of hydrogens on each carbon). Because saturated fatty acids have only single bonds, each carbon atom within the chain has 2 hydrogen atoms (except for the omega carbon at the end that has 3 hydrogens).
The differences in geometry between the various types of unsaturated fatty acids, as well as between saturated and unsaturated fatty acids, play an important role in biological processes, and in the construction of biological structures (such as cell membranes).
Omega-6 fatty acid is a polyunsaturated fat, essential for human health because it cannot be made in the body. For this reason, people must obtain omega-6 fatty acids by consuming foods such as meat, poultry and eggs as well as nut and plant-based oils such as canola and sunflower oils. The double bond is in the sixth position from the omega end.
Omega-9 fatty acids are from a family of unsaturated fats that commonly are found in vegetable and animal fats. This monounsaturated fat is described as omega-9 because the double bond is in the ninth position from the omega end.
